time lung tissue was studied. The fetal lungs appeared normal.
Normal adult lung tissue contained 3.14 -+ .&Q pg DNA per mg wet weight and 6.78 + hydroxyproline content in fetal lung, indicative of a low content of collagen, conformed to the microscopic a p pearance (Fig 2) .
The finding of normal PH activity in lung tissues affected by fibrosing alveolitis, sarcoidosis and a variety of subacute and chronic inflammatory disorders suggests that assay of PH is not a useful index of fibrogenesis in common forms of fibrotic lung disease. The indolent progression commonly seen in these disorders may preclude significant alternations in the activity of PH.
Alternatively, faulty degradation of collagen rather than overproduction of collagen may be a more important pathogenetic mechanism in fibrotic lung disease. and 200 percent, respectively, at the end of a seven-day exposure. As shown for the 0.5 pprn exposure column, by 30 days the augmentation of activity was diminished; by 60 days the enzyme activity returned to normal (in spite of continuous 0 3 exposure), suggesting that metabolic adaptations had occurred. Table 2 shows the effect of 0.8 pprn 0, exposure on prolyl h~droxylase activity during the first seven days of exposure. The increment in enzyme activity was maximal during the first few days of exposure. A preliminary kinetic study of the partially purified enzymes from control and exposed rat lungs revealed that the enzymes had nearly identical substrate affinity (Km) and reaction velocity (V,..), suggesting no difference in their reactivities.
'From the University of California and California Primate Research Center, Davis. In order to determine the relationship of collagen synthesis to total protein synthesis in the lung, rates of collagen and noncollagenous protein synthesis were compared, utilizing ,H-proline incorporation with appropriate correction factors. As depicted in Figure 1 , subsequent to 0 3 exposure, the rates of both collagen DAYS EXPOSED FICURE 1. Rates of collagen and noncollagenous protein in lungs of rats exposed to ozone. Shaded circle = collagen. Open circle = noncollagenous protein. and noncollagenous protein synthesis increased; however, during the first 1-4 days the rate of collagen synthesis was as much as 1.6 times higher than that of noncollagenous protein synthesis. This difference diminished on continued exposure and was practically abolished by the seventh day. The increase in enzyme activity associated with increased collagen biosynthesis and deposition is further confirmed by data in Table 2 . By the third day of exposure, considerable accumulation of collagen occurred, as determined by total lung hydroxyproline contents.
DAYS AFTER EXPOSURE
In Figure 2 values for lung prolyl hydroxylase activity and hydroxyproline contents are plotted against recovery time after exposure to 0.8 ppm 0, for seven days. Prolyl hydroxylase activity returned to control value in 12-13 days, but the collagen content, as reflected by hydroxyproline levels per lung, remained elevated for 28 days. This suggested that while increase in collagen biosynthesis was temporary, the collagen synthesized was stable, at least for the recovery period studied.
As a first step in relating oxidant toxicity with lung collagen synthesis, we have examined whether the superoxide anion (0,;) plays a role. 0,. is a highly reative species generated during the biologic reduction of oxygen. It may be an important molecular species in the genesis of oxygen toxicity.3 0,. is generated by perturbed phagocytes4-9 and may be involved in lipid in the intracellular elaboration of collagen. In these studies, an established diploid fibroblast cell line WI-38, derived from embryonic human lung, was used. The cells were grown to confluence in Eagles MEM with 10 percent fetal calf serum and the cultures exposed to 0,. generated by the photochemical oxidation of riboflavin added to the medium. 0,. greatly e n h a n d the prolyl hydroxylase activity and this increase was abolished by superoxide dismutase (SOD) ( Table 3 ).
This increase was also prevented by actinomycin D and cyclohexirnide, indicating that new RNA-directed protein synthesis was involved (Table 4) .
Ascorbate has been shown to be essential for collagen synthesi~.~ Ascorbate and Fez+, the cofactors for prolyl hydroxylase, generate 0,. in oitro.ls In the present study we investigated the possibility that 0,. generation by these cofactors may also play a role in the intracellular synthesis of collagen. As seen in Table 5 , Fez+ and ascorbate increased the synthesis of hydroxyproline in WI-38 cell cultures and the increase was abolished by superoxide dismutase, confirming the role of 0,; generated by these cofactors in collagen synthesis.
We have provided evidence that concentrations of 0, that approach levels occasionally seen in the Los Angeles Air Basin are capable of causing alterations in the collagen synthetic apparatus of rat lungs, as reflected by increased prolyl hydroxylase activity and hydroxyproline content in the lung. We have presented evidence that 0,. 
